Background and objectives Buttonhole needling is reported to be associated with less pain than standard needling. The purpose of this study was to compare patient perceived pain and fistula complications in buttonhole and standard needling.
Introduction
Vascular access remains the Achilles heel of hemodialysis (HD) patients. Complications of vascular access, including infection and thrombosis, are a significant source of patient morbidity and mortality, with considerable impact on quality of life (1) (2) (3) . Although arteriovenous fistulae (AVF) have the lowest complication rate, apprehension and fear of painful needling may dissuade patients from choosing an AVF as an access.
Improvements in needling technique may reduce patient perceived pain and maintain AVF patency. The most common complication of cannulation (needle infiltration/hematoma) is associated with an increased risk of thrombosis and loss of AVF patency (4) . The current standard of practice is to needle the AVF using the rope ladder technique, which rotates needling sites at each dialysis session (referred to as standard needling [SN] ).
Buttonhole needling (BN), a technique adopted from nocturnal dialysis (5) , uses a constant site for arterial and venous needles. Based primarily on observational evidence, BN is believed to be associated with less painful needling (6) (7) (8) (9) , fewer needle infiltrations (5,9,10), and reduction in aneurysm size (8) . Two small randomized studies have evaluated BN, with the most recent study completed in a mixed population (n=70) of home and in-center patients (11) . Although earlier studies showed a reduction in pain with BN, more recent studies show either no reduction in pain (12, 13) or even an increase in pain (14) . Given the potential increased risk of infection with BN (15), a better understanding of the actual benefit is needed.
We undertook this randomized controlled trial to compare BN and SN techniques on patient perceived pain and AVF complications in conventional HD patients. The primary objective was to determine if, after 8 weeks of buttonhole creation, there was a difference in patient perceived pain at the time of needling for BN compared with SN. Secondary objectives included collecting information on hematoma formation, time to hemostasis, risk of AVF infection, and nursing perceived difficulty in needling.
Materials and Methods

Study Design
We undertook this randomized controlled trial in 140 conventional (three times per week for 4 hours) in-center HD patients with AVF. After providing written informed consent, eligible patients were randomly assigned by a central service, in a 1:1 ratio, with the use of a permuted block design. Ethics approval was obtained from the University of Calgary Research Ethics Board. The trial adhered to the Declaration of Helsinki and was registered with Current Controlled Trials (ISRCTN94795553).
Inclusion/Exclusion Criteria
Eligible patients were adults 18 years and older dialyzing with a stable AVF (access flow constant over the previous 4 months without surgical or radiologic interventions) or needled consistently for at least 4 weeks with an access flow.500 ml/min. All AVFs were a minimum length of 10 cm to allow placement of two needles 3 cm apart and 3 cm from the arteriovenous anastamosis. Patients planning to move or having impending transplant or transfer to peritoneal dialysis were excluded. Patients who selfneedled, refused to stop intradermal lidocaine, or were unable to complete the visual analog scale (VAS) were also excluded.
Data Collection and Outcome Variables
Baseline data, including age, sex, history of diabetes, cardiovascular disease, and details regarding the AVF (type and location, date of creation, recent access flow, and fistulogram results), were obtained.
At each HD session over the 8-week period, data were obtained on presence and size of hematomas, nursing perceived degree of difficulty needling, signs of localized infection, and time to hemostasis after removal of the HD needles. After the 8-week study period, patients were followed for a 1-year period for AVF patency and assessment of infectious complications.
Outcomes
The primary outcome, patient perceived pain postneedling, was assessed by an individual blinded to needling type using a validated 10-cm VAS (16) (17) (18) . Assessment of pain was collected for the three HD runs at baseline and again during week 8. The median pain score based on these three runs determined patient perceived pain. To ensure balanced treatment of the AVF in both groups and given the frequent use of anesthetic before study start, all patients received a topical 5% lidocaine gel applied to their AVF for 5 minutes during weeks 1 and 8. During the rest of the study period, patients were allowed to use their usual anesthetic ( Table 1 ), except that BN patients did not use intradermal lidocaine as per standard technique (5) .
The secondary outcomes, documented at each run, included hematoma formation, time to hemostasis postneedle removal, localized signs of AVF infection (erythema, pus, or swelling), AVF infection defined by abscess or bacteremia, and ease of needling from a nursing perspective. Hematoma was categorized based on size as 0-4.9, 5-10, or .10 cm. Time to hemostasis postdialysis was categorized (8) as no bleeding, ,5 minutes, 5-10 minutes, or .10 minutes bleeding post-HD. Ease of needling from the nurse perspective was assessed on a scale from zero to five, with zero being no difficulty and five being high difficulty or unable to needle.
The presence of cellulitis or abscess at the AVF site as well as bacteremia or metastatic infectious complications were monitored at each HD session. If erythema or pus was present on the AVF, a swab for culture and sensitivity was taken; a positive culture was defined as presence of neutrophils with cultured bacteria. According to center protocol, any patient with fever, rigors, malaise, or suspected infection had two sets of blood cultures drawn. If an AVF infection developed, the AVF was needled at a site not affiliated with the infection (for both SN and BN). Intravenous antibiotics were given if the culture and sensitivity were positive, the patient developed a fever, or an abscess or overt cellulitis developed.
BN and SN Descriptions
Patients randomized to the BN group were needled using a standard sharp needle for the first six to nine HD runs (2-3 weeks; until the BN track was established) by a nurse trained in this technique. BN sites were created using a 20°-30°angle at least 3 cm from the arterial or venous anastamosis. The distance from the wrist and/or distance from the antecubital fossa (whichever was closer) to the BH site was recorded as well as the angle of insertion. All venous needles were inserted in antegrade fashion, and arterial needles were inserted preferentially in antegrade fashion according to standard care. Consistent with the practice that Twardowski (5) initiated, intradermal lidocaine was not allowed during the course of the study because of concerns regarding distortion of anatomy and interference with establishment of the BN track. Topical anesthetic creams were allowed except during baseline and week 8 (when pain scores were tested); at those times, a 5-minute application of topical lidocaine was applied before needling for all patients. The same nurse was used to maintain the BN track for 1 additional week using the dull needles until the BN site was established. An established BN site was defined as a track created over six to nine HD runs using sharp needles that easily accepts a blunt needle after the third consecutive blunt needling. After the BN site was established, the regular nursing staff needled the BN patients with BN technique and dull needles.
Patients randomized to SN continued to receive SN throughout the 8-week study period. Both BN and SN AVFs were disinfected with chlorhexidine/alcohol 70% before cannulation in accordance with Kidney Disease Outcomes Quality Initiative guidelines (19) . Individuals that did not tolerate this disinfectant received a 60-second application of 70% alcohol. In BN patients, the AVF was disinfected before and after scab removal (using a sterile dull needle). Topical exit site prophylaxis was not used.
Statistical Analyses
All analyses followed the intent-to-treat principle. Baseline data were described as mean 6 SD, median (25th to 75th percentile), or frequencies as appropriate. Nonparametric comparisons were performed using the Wilcoxon rank sum test. Categorical measures were compared using the chi-squared or Fisher exact test. All analyses were performed using Stata/IC 11.2. Analyses were based on the difference between groups for the outcome after 8 weeks. For the primary objective, the Wilcoxon rank sum test was used to determine if there was a difference in median pain scores (based on three HD sessions) at week 8 for the BN group compared with the SN group. For patients who did not have pain scores at 8 weeks, we carried forward the last pain score obtained. We assessed the impact of this imputation in a sensitivity analyses, where we replaced the missing values for the BN group with a conservative approach (using the highest pain score achieved within that group) and we replaced missing values for the SN group with an anticonservative imputation (using the lowest pain score achieved). Additional analysis limited to subjects with complete data at 8 weeks was done.
For the secondary objectives, the rate of hematoma formation (per 1000 dialysis sessions) for BN and SN was determined. We also compared the proportion of BN and SN patients with a time to hemostasis of .5 minutes, signs of localized infection (erythema, pus, or swelling), and AVF infection (defined by cellulitis, abscess, or bacteremia) using the chi-squared test. An unpaired t test was used to compare mean nursing needling difficulty for the two study groups. All tests of significance are two-sided, with a P value,0.05 considered statistically significant.
Sample Size
Based on pilot data from randomly selected patients with an AVF in our HD unit, we determined a mean (SD) pain score postneedling using the 10-cm VAS of 3.0 (61.5). Assuming an effect size of 50% (i.e., a decrease in perceived pain from 3.0 to 1.5) based on previously published studies (8,9) using BN, with an a=0.05 and 80% power, we determined that a sample size of 63 patients per group or a total of 126 patients was required. We calculated our sample size based on an approximate 10% dropout rate to account for potential dropout or loss to follow-up, and thus, we planned to recruit 70 patients per arm (140 patients).
Results
Of the 140 patients randomized, 131 patients completed the study: 66 patients in the SN group and 65 patients in the BN group (Figure 1 ). All patients were included in intention to treat analyses. Baseline characteristics (Table 1) were similar; the patients were older and on dialysis for over 2. The rate of hematoma formation in the SN group was higher (436 per 1000 dialysis sessions) than in the BN group (295 per 1000 sessions, P=0.03). A greater proportion of patients in the SN group had at least one hematoma (25/70, 36%) versus the BN group (12/70, 17%, P=0.01; OR=0.37; 95% CI=0.15-0.87). The proportion of patients with a large hematoma (.5 cm diameter) was higher in the SN group, although this result did not reach statistical significance (11/70 SN versus 5/70 BN, P=0.18; OR=0.41; 95% CI=0.11-1.39). The results were similar in an analysis limited to patients who completed the study.
The time to hemostasis postdialysis was similar for SN and BN (Table 3 ). The rate of no bleeding postdialysis was 23.6 and 28.3 per 1000 dialysis sessions in SN and BN groups, respectively (P=0.40), whereas the rate of any bleeding was 97. 6 The median value is based on the three pain scores per patient each week and expressed as median (25th to 75th percentile).
group and no episodes in the SN group (P=1.00). Subsequently, after study completion (but within 12 months of the study start), another two BN patients developed SA bacteremia, and nine BN patients had an abscess at the needling site requiring intravenous antibiotics compared with zero SN patients (P=0.003). Two of the study patients had already abandoned BN when they developed their infections, whereas the remaining nine patients were still using BN at the time of infection. Overall, BN had higher median (25th to 75th percentile) difficulty needling scores for both arterial (0. The difficulty of needling increased over the course of the study for BN and remained relatively stable for SN (Figure 2) . The proportion of patients with a difficulty score of more than two was consistently higher starting at week 4 in the BN group (20/69) compared with the SN group (6/69, P=0.002).
Discussion
Our study, the first to compare BN with SN in a large randomized controlled trial in conventional HD patients, did not find a reduction in pain with BN. Although we did find a significant reduction in hematoma for BN, whether this finding translates to improved fistula longevity remains to be determined. A concerning finding, however, was that signs of erythema, pus, or swelling were doubled in the BN group (50 per 1000 dialysis runs) compared with the SN group (22.4 per 1000 dialysis runs). In addition, there was an increased risk of SA bacteremia (three patients) or abscess (nine patients) within 12 months of starting BN.
There were no differences in pain scores at baseline between SN and BN groups or at the end of our study. We used a 10-cm VAS that has been validated in chronic disease (18) and used in hemodialysis patients (13) . Prior studies reporting a reduction of painful needling with the BN technique were limited by their observation-(5,8,9) or survey-based design (7, 10) without an adequate comparison group (20) .
Two recent randomized trials have compared BN with SN (11, 13) . Consistent with our results, the work by Chow et al. (11) found no difference in pain scores (determined with a VAS from zero to five) in 69 patients, although this study included both in-center and home dialysis patients. The other randomized trial (13) was completed in 56 incenter HD patients and also did not find a difference in median pain scores using a 10-cm VAS (1.0 SN versus 2.5 BN; no P value reported). However, patients were allowed to use local anesthetic, if needed, throughout the study, making the pain scores difficult to interpret.
The increased risk of infectious complications with BN is particularly important. Similar results have been reported in both in-center (8, 21) and extended dialysis patients (9, 15, 22) . The work by Chow et al. (11) reported four patients with an infection at the BN site and one patient with an infection at the SN site (although this patient had previously used BN). The work by Struthers et al. (13) reported one fistula infection in the BN group and zero fistula infections in the SN group. The work by Labriola et al. (21) reported an increase in infectious complications (bacteremia and/or local AVF infection) after switching to BN in a large in-center HD unit from 0.17 (95% CI=0.086-0.31) to 0.43 (95% CI=0.29-0.61) events per 1000 AVF days (P=0.003). Of particular concern was that this increase in infectious complications did not occur until the second full year of BN, implying that follow-up of many of the reported studies may be too short to notice the true increases in infectious complications with BN.
A retrospective review of SA bacteremia over a 10-year period in home dialysis patients suggested a high risk of infection with BN, with 10 SA bacteremia cases in 55 home dialysis patients (OR=35.3, 95% CI=2-626, P=0.01) (15) . Based on expert opinion (15) , it has been suggested that topical mupirocin be applied to the buttonhole sites to reduce the risk of infections. However, even with this approach, the risk of SA bacteremia is still higher with BN (OR=6.4, 95% CI=1.3-32.3) (15) . Additional studies are required to determine the optimal methods to reduce the risk of infection.
The results of our study show that BN is a difficult technique when done by multiple HD nurses in a traditional dialysis unit. Our nurses found it difficult to maintain the buttonhole track; the difficulty scores in the BN patients started to increase in week 4, which corresponded to the use of the blunt needle, and continued to increase throughout the remainder of the study. Increasing difficulty with BN is likely to result in increased complications at the needling site, and it may negate any potential benefit anticipated with the BN technique. Longer-term follow-up of these patients is required to evaluate the impact of the difficulty in needling.
A reduction in hematoma formation with BN has been reported (5, 14) . The work by Chow et al. (11) reported more hematomas in BN patients in a randomized trial, although this finding was attributed to lack of experience by the nurses. It is plausible that the blunt needle used in BN is less traumatic and subsequently, has a lower risk of hematoma. We did not explore the effect of BN on aneurysm formation or growth, but other studies have reported a reduction in aneurysm size with initiation of BN (8, 14) .
Our study has strengths and limitations. Our findings are limited to the conventional dialysis population needled by dialysis nurses. Although pain with needling might be less when done by the patient themselves, our results can be generalized to the majority of patients who are dialyzed in a dialysis center. Another potential limitation was the use of topical anesthetic during the 1 week that the pain assessment was completed, which may have reduced pain scores in both groups. However, this use was necessary, because approximately 25% of patients used an anesthetic with needling at baseline, and we anticipated difficulty recruiting and maintaining patients in the study if anesthetic use was discontinued. Thus, we standardized treatment across groups and applied 5 minutes of topical lidocaine cream before needling. One could argue that 5 minutes is unlikely to produce a significant effect on pain perception. Another limitation is that the study was designed and initiated before the publication of the work by Nesrallah et al. (15) , which showed a reduction in bacteremia with topical antibiotic prophylaxis. A randomized trial comparing SN with BN with topical prophylaxis is required. Our study was done in a rigorous manner with an adequate sample size and pain scores obtained by an individual blinded to treatment assignment. Our results show no reduction in pain with BN and an increased risk of systemic and localized infections compared with SN. Although there were fewer hematomas, whether this finding translates to a reduction in fistula interventions and improved patency remains to be determined. Careful consideration should be given before routine use of BN in in-center HD patients.
